Gold mineralization at Carlin is clearly younger than hydrocarbon maturation (pre-Cretaceous) and felsic dike intrusion (Cretaceous), and older than deep oxidation (late Tertiary). Within the episode of gold mineralization, the main gold ore ( 
Geologic and geochemical similarities between Carlin and many other carbonate-hosted disseminated gold deposits in Nevada suggest that the same general set of processes has operated in various places to produce the many Carlin-type deposits (Bagby and Berger, 1985) . Prior investigations at Carlin led to the concept that gold mineralization occurred in the shallow levels of a meteoric-water hydrothermal system driven by the heat of Miocene igneous activity in north-central Nevada (Radtke et al., 1980; Radtke, 1985; Rye, 1985) . Recent radiometric dating indicates that gold mineralization in the Carlin trend occurred much earlier, possibly in the Early Cretaceous (about 117 Ma, Arehart et al., 1992 Arehart et al., , 1993c ). However, the exact age of gold ore formation remains controversial, as indicated by Ilchick (1995, p. 208) . Seedorff (1991) suggests that Carlin and similar deposits may actually be related to the onset of Basin and Range extension during the late Eocene to early Oligoeene (42-34 Ma).
Several investigators have inferred a shallow epithermal origin for Carlin from the following types of evidence: (1) the characteristic epithermal suite of trace elements (Au, As, Sb, Hg, T1) observed at many epithermal and hot spring deposits (Weissberg et al., 1979) and well developed at Carlin; (2) a maximum depth of 300 m for the Getchell orebodies inferred from geologic information, the vuggy character and ore-apex geometry, and a young age, no older than Plioeene (Joralemon, 1951 (Joralemon, , 1975 ; and (3) a maximum depth of 300 to 520 m at Carlin, based on boiling inferred from fluid inclusions (Radtke et al., 1980) . In contrast, Hardie (1966), Roberts et al. (1971) , and Roberts (1986) estimated that at least 520 to 910 m of cover were above the ore zones at Carlin during ore formation. The deep ore in the Post-Betze area 10 km northwest of Carlin (Betties, 1989) and near the Gold Quarry mine (Rota, 1987) as well as the deep ores at the Getehell mine discussed by Berger (1985) and the newly diseov-ered deep ores at the Rabbit Creek deposit (Parratt and Bloomstein, 1989) indicate that a relatively shallow geologic setting is not required for Carlin-type gold mineralization.
Based on a revised paragenetic framework (Kuehn and Rose, 1986, 1992) as well as prior and new fluid inclusion and stable isotope data at Carlin, this study focuses on reevaluation of the P-T-X constraints attending gold ore formation at Carlin and, by inference, similar sedimenthosted gold deposits. The inferred geologic setting of ore formation is then discussed. Specifically, the necessary minimum depths and geochemical processes leading to gold deposition at Carlin in a deep geologic setting of probable throttling and fluid mixing are contrasted with earlier shallow epithermal hot spring models.
Paragenetic Framework at the Carlin Deposit Several characteristics of the Carlin deposit inhibit the development of a paragenetic sequence. The sedimentary host rocks have undergone diagenesis and multiple alteration events including weathering, so that not all rock-altering events are attributable to the Au-mineralizing event(s). The lack of obvious through-going and crosscutting veinlets, the restriction of many veinlet types to either the hanging wall or footwall, and the inability to observe gold visually inhibit conventional paragenetic interpretation. Probably because of these problems, little agreement exists on paragenesis at Carlin. Hausen (1967) discussed the paragenesis at Carlin as three separate general events: (1) Cretaceous barite and base metal mineralization, (2) Tertiary gold and associated As-Sb-Hg-T1 mineralization, and (3) Recent supergene effects. Dickson et al. (1979) discuss four separate disseminated and vein assemblages involving quartz, barite, Au, and rare T1-As-Sb-Hg sulfide and sulfosalt minerals; however, only scant information is provided on the relative timing of these features. Radtke et al. (1980) present schematic diagrams of the Carlin paragenesis which define four stages in which different types of veinlets developed as a result of the introduction or removal of components from the ore zone and altered rocks. A given vein type or mineral assemblage was not necessarily restricted to a single paragenetic stage in this schematic approach nor is the relative timing of different veinlet types distinguished on the basis of crosscutting relationships. Bakken and Einaudi (1986) discuss at least nine different ages of veinlets labeled "types A through I" from oldest to youngest and describe the spatial relationship of these veinlets to mineralization and alteration in the Main Pit at Carlin. A paragenetic scheme consisting of "stages 1 to 5" is presented by Madrid and Bagby (1986, 1988) and was developed from crosscutting relationships exposed south of the Carlin mine and at the Preble, Pinson, and Bootstrap deposits.
Based on detailed field and laboratory studies (Kuehn, 1989; Kuehn and Rose, 1986, 1992) , three major episodes can be distinguished, related to (1) hydrocarbon maturation, (2) gold ore deposition and associated alteration, and (3) oxidation (Table 1) . These episodes are essentially unrelated temporally.
In more detail, the numerous types of veins or veinlets labeled A through F, can be divided into a series of stages defined largely on crosscutting relations. These stages are also distinguished by significant changes in fluid characteristics preserved in inclusions and stable isotope signatures. The observations listed do not exhaust the entire range of veinlet types or alteration features at Carlin. However, prior and future observations should fit into this general framework. Within a given stage, crosscutting relationships between different veinlets can be numerous and complex. For additional details on veinlets and typical samples, see Kuehn (1989) . (Radtke, 1985; Bakken and Einaudi, 1986) . Several of these structures are also occupied by sheared and altered dikes. In contrast to later barite veins and vug-filling crystals, these early barite veins typically contain small elongate blebs of sphalerite and galena and give off a distinct fetid odor when outcrops are struck by a hammer or samples crushed in the laboratory.
Veinlets predating gold mineralization
Although Radtke et al. (1980) suggest that Cu-Pb-Zn mineralization occurred after the introduction of gold, and Bakken and Einaudi (1986) assign type I barite-sphalerite-galena veins to a late stage in the paragenetic sequence, the following observations suggest that barite +_ base metal veins predate Au-As-Sb mineralization and, as initially suggested by Hausen (1967) (Radtke, 1985) . Structurally controlled jasperoids acted as feeders to stratiform jasperoids and these same intensely silicified areas were subsequently laced with milky white and gray translucent stockwork quartz veinlets (Fig. 2C) . Unoxidized intensely silicified areas locally contain pyrite and stibnite in these veinlets.
Crushing of these quartz veinlet stockworks consistently releases gases under high internal pressures. Although the inclusions are too small for quantitative studies (typically <1-3/am), low-temperature petrography confirms that many dark, one-phase fluid inclusions at 25øC are actually liquid CO•. Several samples also contain three-phase fluid inclusions at room temperature as previously described (Nash, 1972; Radtke, 1985 
Fluid Inclusion Studies and Thermobarometric

Constraints
Carlin and other sediment-hosted deposits do not commonly provide material in which fluid inclusions can be clearly interpreted as primary. Most veinlet material appears cloudy and contains numerous planes of secondary inclusions. The general principle applied here is that later fluids are expected as secondary inclusions in earlier minerals, but not the reverse. Fluid inclusion studies reported here involved crushing tests, low-temperature petrography, and standard heating and freezing studies (Kuehn, 1989) , as well as laser Raman microprobe analyses of selected inclusions using methods described by Pasteris et al. (1986) . In addition, representative samples were analyzed for trace gases of individual inclusions using a rapid-scanning quadrupole mass spectrometric technique (Bendrick, 1989 ).
Types of fluid inclusions at Carlin
The wide variety of fluid inclusions in samples from the Carlin mine are grouped into 12 classes in Table 2 . The classification is based on number and identity of phases at 25øC, and on bulk composition inferred from microscopic observations during heating and cooling. Their paragenetic occurrence is also summarized in Table 2 , and must be interpreted with the proviso that many inclusions are secondary. Interpretations of hydrothermal conditions during the various stages, based largely on fluid inclusion data, are summarized in Table 3 .
Many of the single-phase inclusions are filled with either high-density CH4 + CO2 which nucleates a bubble at < -82øC (type 1A, Table 2 Thirty representative samples were analyzed for water and trace gas components in thermally decrepitated individual inclusions using a mass spectrometric technique (Barker and Smith, 1986; Bendrick, 1989) . Reported data assume that all components are equally sensitive, which is probably not exactly correct. Therefore, attention should be focused on differences between samples, rather than on absolute ratios or absolute quantities. 
Salinities of Carlin fluid inclusions
The Tinice values (Fig. 4) (Fig. 2C) ; sample TO6-191.5 is quartz separated from an HC stage quartz-calcite-pyrobitumen veinlet (elev 6,089 ft, N23807, E20199). Because LGO stage fluids have very low salinities and could be represented by secondary inclusions in MGO stage samples, the average MGO stage salinity estimate may be biased toward a low value. Alternatively, because clathrate formation may artificially depress the final melting point of ice and could account for significant depression of the freezing point, apparent salinity estimates of the MGO stage fluids may be biased to a higher value. Acknowledging these competing effects, and considering the limited CO2 clathrate data and its inherent caveats, the salinity of MGO stage fluids is estimated to be 3 ___ 1 wt percent NaC1 equiv.
Most freezing point depressions in LGO stage barite and calcite samples fall between 0 ø and -3.1øC and average around -0.7øC based on more than 100 measurements. Some inclusions in LGO stage samples contain a colorless solid phase which persists above 0øC, generally melts above 9.2øC, and is interpreted to be a dominantly CO2 gas clathrate based on gas analyses of similar sample material by Bendrick (1989) 
Possible geologic settings
The possible deep mixing environment is illustrated in Figure 12 . This diagram shows a magmatic or skarn source for the CO2 and H2S, or an alternative source of metamorphic fluids from the middle or deep crust (Cameron, 1988) . Mixing with meteoric fluids is interpreted to occur at a pressure seal separating the overpressured and normally pressured environments.
Overpressuring ("geopressuring") to values exceeding hydrostatic is reported to occur in most deep sedimentary basins (Hunt, 1990; Powley, 1990) . Typically the change from overpressured to normally pressured occurs at a depth of about 3,000 m, at a seal zone with a thickness of a few hundred meters or less. The seal zone may be a relatively impermeable stratigraphic unit such as a shale or evaporite, or it may be a zone of diagenetically cemented sandstone that cuts across stratigraphic units. In addition to subhorizontal or stratigraphic boundaries, the overpressured zone may be laterally limited by steeply dipping sealed fault zones. A wide variety of causes is suggested for overpressuring, including a sedimentation rate exceeding the rate at which fluid can escape to allow compaction, tectonic compression, thermal expansion of pore fluids, and volume increase on generation of gas or oil. Evidence from petroleum fields indicates that the seal commonly undergoes episodic leakage caused by pressures exceeding the fracture strength of the seal. During these leakage periods, oil and gas generated below the seal leak into reservoirs above the seal, presumably accompanied by water in some cases.
The formation of the Carlin deposit in a deep sedimentary basin by the involvement of two fluids with markedly different pressures, with the higher pressure fluid inferred to be overpressured relative to hydrostatic, is strongly suggestive that the deposit was formed at or just above a pressure seal. Beneath this seal lies at least 1 km of Ordovician through Lower Silurian carbonate and quartzite (Radtke, 1985) , plus probably another 2 km of Cambrian rocks of similar lithology (Roberts et al., 1958) . The recognition that Carlin-type deposits may form at depths of many kilometers indicates that many additional blind deposits may exist well below the present surface, in contrast to the conclusion drawn from the past inference of a shallow epithermal origin. Definition of deep structural controls, former geopressure-hydropressure transitions, and effects of spent exhaust from the volatilerich fluid may provide guides to discovery of these deposits.
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